The insoluble polyelectrolyte technique for concentrating virus is extended to extremely low virus levels. The effectiveness of this method employing a coliphage T2 model is a constant 20% over a range of virus levels from 103 to 10-4 plaque-forming units/ml. The efficiency of the method is dependent upon pH control during the concentration phase. Although the study was initiated to develop a method for quantitating the effectiveness of water and wastewater treatment methods for the removal of viruses from waters at low concentrations, the potential of the technique for efficient monitoring of natural waters is apparent.
Over 100 identifiable enteric viruses are known to be excreted in the feces of man. In the past 20 years, at least 70 strains of viruses have been recovered from water and municipal wastewater. Clark et al. (3) reported that 39% of all the samples of chlorinated effluents of conventional treatment analyzed contained viruses.
One of the most difficult problems associated with virus and water supply has been the inability to detect quantitatively the presence of virus at low titers. This problem is even more significant for surface waters This paper reports the initial results of the use of insoluble polyelectrolyte to concentrate extremely low virus levels. Since bacteriophages, rather than enteric viruses, were used in this part of the investigation, the results merely serve as a model. Extensions of these studies employing enteric viruses are to be published soon. The results are similar to the model study reported below.
MATERIALS AND METHODS Suspending media. All experiments reported herein were conducted in either phosphate-buffered saline (PBS) at pH 7.2 or natural surface water. Surface water was obtained from Town Lake, a shallow manmade impoundment of the Colorado River at Austin, Texas. Town Lake receives storm drainage, urban runoff, and some rural runoff in addition to the releases of six other man-made lakes upstream on the Colorado River.
Virus. The coliphage T2 was employed throughout this study. Stock cultures were prepared by the plate method by using Tryptose phosphate broth (Difco) solidified by 1% agar. Plaque assays omitting bottom layer agar were used to titrate the virus (10) . A 0.2-ml amount of a 24-hr-old Escherichia coli B culture in 7.5 ml of Tryptose phosphate agar was inoculated with samples ranging from 0.1 to 0.5 ml. Plaques were counted after 15 hr of incubation at 37 C.
Virus concentration method. Significant variability from predicted levels was encountered at extreme dilutions as indicated by the data shown in Fig. 2 . It can be seen, however, that there were only two dilutions at which the expected virus recovery was not achieved. In these cases, total calculated virus counts expected in a 5-liter quantity of PBS were 2.7 and 3.3 PFU and, although no virus was recovered, the adjusted pH of the PBS was greater than 0.5 units above optimum for recovery. The effectiveness of this technique for recovery of serially diluted lowlevel virus suspensions at a constant pH of 5.25 can be seen in Fig. 3 .
Recovery as affected by pH. Minor differences in pH significantly affected the efficiency of T2 Fig. 1 and demonstrate a relatively constant recovery rate, especially at levels of or above 10-1 PFU/ml of added virus. Recovery of coliphage from raw water. Numerous attempts to recover indigenous coliphage from raw Town Lake water were made. Recoveries from volumes of 3.5, 5, and 20 liters indicated coliphage titers varying from 104 to 8 X 10-PFU/ml. Further, after initial elution from the polyelectrolyte, the polyelectrolyte was resuspended in borate buffer and plated directly. Less than 2% of the added phage were found, an expected value, since 0.5 ml of the initial 5 ml of borate remained with the polyelectrolyte.
Tracer studies. In a further attempt to determine the fate of unrecovered virus, phage isotopically labeled with 3H-thymidine were used. This stock was concentrated from PBS with PE 60 as in other experiments (Table 1) . Essentially all of the phage deoxyribonucleic acid-associated radioactivity was attached to the polyelectrolyte. Twenty eight per cent of the 3H was recovered in the eluate, whereas 56% remained attached to the polyelectrolyte after borate elution. Infectivity plating indicated that 15% of the initial titer of viable phage was recovered in the eluate, and further investigations are proceeding with the purpose of simplifying the mechanical problems associated with handling several hundred liters of water, a requirement for the effective monitoring of viruses from finished potable waters. Volumes of 5 and 10 liters would seem to be large enough for effective monitoring of most raw water.
